An experimental setup consisting of 12 layers of glass Resistive Plate Chambers (RPCs) of size 2 m × 2 m has been built at IICHEP-Madurai to study the long term performance and stability of RPCs produced on large scale in Industry. In this study, the data obtained by this setup was analysed to find out the events where more than one trajectories of charged particles are detected within a single trigger window. The results obtained from observation was then compared with different hadronic models of CORSIKA prediction.
Introduction
The 50 kton INO-ICAL [1] is a proposed underground high energy physics experiment at Theni, India (9 • 57 N, 77
• 16 E) to study the neutrino oscillation parameters using atmospheric neutrinos. It will also determine the sign of the 2-3 mass-squared difference, ∆m 2 through matter effects, the value of the leptonic CP phase and, last but not the least, the search for any various detector properties like position and time resolution of RPCs, detector inefficiencies, strip multiplicities, detector noise, etc are studied using this RPC stack to understand the performance and long term stability of the RPCs.
High energetic primary cosmic rays originating in outer space continuously interacts with earth's atmosphere. These cosmic rays consist of mostly protons with a smaller fraction of higher Z-Nuclei elements. Upon interacting with the earth's upper atmosphere, they result in showers of secondary particles which are mostly consist of pions π ±,0 and kaons (K ± ). The neutral pions mainly decay via electro-magnetic interactions, π 0 → γ+γ. The charged pions decay to muons and neutrinos via weak-interactions, π + → µ + + ν µ and π − → µ − +ν µ . The kaons can decay to pions, muons and neutrinos via different decay mode. The resultant muons decay into electrons and neutrinos, µ + → e + +ν e +ν µ and µ − → e − +ν e +ν µ . Most of the π, K decay in flight and do not reach the earth's surface.
The γ, e ± do not reach the detector directly as they interact with the roof of the laboratory and create electromagnetic showers. The muons are the most abundant charged particle found at sea level from cosmic ray showers. These atmospheric muons are produced at high altitude (average height of 20 km) in the atmosphere and lose almost 2 GeV energy via ionisation loss in the air before reaching the ground. The angular distribution of primary cosmic rays is more or less isotropic. The energy spectrum of the primary cosmic rays follows a powerlaw, E −γ . The density of charged particles (mainly muons) per unit surface area at the earth's surface depends on the composition of primary cosmic ray, power lay parameter (γ) as well as the model of hadronic interactions at high energy which is not accessible in the laboratory.
The interactions of primary cosmic ray in the air and the resultant air shower has been simulated using the CORSIKA Package [5] . The daughter particles reaching sea level in the air shower simulation in CORSIKA are given as input to the detector simulation. The detector simulation has been performed using GEANT4 toolkit [6] . All the detector parameters obtained from the observed data (e.g. efficiency, noise, strip multiplicity, resolution, etc.) are used in detector simulation to make for a real detector scenario. The principal aim of this work is to observe the charged-particle multiplicity in the atmospheric muon data collected at IICHEP, Madurai and compare it with the air shower simulation.
Detector Setup
The RPC stack operational at IICHEP, Madurai consisting of 12 RPCs stacked horizontally with a inter-layer gap of 16 cm is shown in Figure 1 . An RPC gap is made of two glass electrodes of thickness 3 mm kept at a gap of 2 mm. This gap is maintained using 2mm thick poly-carbonate buttons. The glass gap is sealed properly to make it gas-tight. A non-flammable mixture of gas is continuously flown inside the glass gaps which serve as the active medium of the detector. In avalanche mode, the mixture of gas consists of R134a (95.2%), iso-C 4 H 10 (4.2%) and SF 6 (0.3%). Both the outer surfaces of the glass gap are coated with a thin layer of graphite. The RPCs are operated by applying a differential supply of ± 5 kV to achieve the desired electric field There are 60 strips on the X side and 63 strips on the Y side for each layer. The induced signals from the pickup strips are amplified and discriminated by a charge sensitive NINO [7] front end board. In Layer 11 (top most layer), ANUSPARSH front end ASIC [8] 
Monte-Carlo Simulation
The primary cosmic ray shower has been simulated using the CORSIKA(v7.6300)
Package. The energy of the primary rays in CORSIKA are generated using the power-law spectrum, E −2.7 , within the energy range of 10- is formed using the information of the particle(s) passing through each of these rectangles. Figure 3 shows CORSIKA generated particle momentum at the observation surface. All the detector parameters (inefficiency, noise, strip multiplicity, resolution, etc) are calculated from the observational data are used in the digitisation stage of the detector simulation. Figure 4 shows inefficiency, noise and multiplicity profile for one of the RPC in the stack. A detailed study on these parameters can be found in [4] . The observed data and the simulated events are reconstructed using the same algorithm (described in next section).
Particle Momentum in GeV 
Event Reconstruction and Data Selection
The data is initially reconstructed through 2-dimensional projections of the 3-dimensional track(s) on X-Z and Y-Z plane. Figure 5 shows a typical event observed in the stack. The average strip multiplicity observed in these RPCs depends on the gain of the gas gaps. The induced charge sharing between the neighbouring strips is the main cause for this strip multiplicity which is show in Figure 4(c) . During the study, the position resolutions for different strip multiplicities of 1, 2, 3 and 4 are observed to be ∼6 mm, ∼8 mm, ∼12 mm and ∼22 mm respectively. The position resolution for strip multiplicity more than four is larger than the pitch of the strip (3 cm). Hence, in the present study, the events with a maximum of four consecutive strip hits are considered for analysis.
A straight line fit information of each projection is extracted using the method of Hough Transformation [10] x = mz + c (1)
where m = − cot θ and c = r cosec θ.
There are a lot of advantages to equation 2. The main advantage is that the equation 2 is numerically computable for all possible values of m and c. Instead of using the usual method, r-θ plane is populated using the concept of Cellular Automaton [11] . Figure 6 (b) shows a typical r-θ plane (called as Hough Space) populated using this method by calculating values of r and θ for each pair of data point shown in Figure 6 (a). This method decreases the computation time significantly for the present setup as the complexity of computation is N C 2 , N being the number of layer. Figure 6 (a) shows that this method can detect all the tracks avoiding all the noise hits. Figure 7 shows a shower event which could be due to noise also. The reconstruction inefficiency of the detector stack with time is shown in Figure 8 where efficiency is defined as the ratio of events with at least one reconstructed straight track with the total number of triggered event. It can be observed that the inefficiency of the RPC detectors varies periodically with a daily variation of pressure and temperature. This periodic change in inefficiency does not af- The random coincidence of charged particles from different cosmic showers is absent in simulation as only one shower can be simulated at a time in CORSIKA.
The skewed angle, minimum skewed distance and its position, between each pair of tracks are calculated. This information helps to determine the origin of the tracks. Figure 12 shows an event where one neutral and two charged particles have originated in the roof. Another similar interaction is shown in Figure 13 where the particles have originated in the detector. In our study, these events have been rejected as these are coming from neutral particles at the surface and/or due to the interaction in the materials of the detector. To calculate the In the current study, only the particles generated in the same cosmic ray shower are of interest. All the scattered events and random coincidences needs to be rejected. To achieve this, only parallel tracks (skewed angle less than 2.5 • )
are chosen for comparing simulation and data. Figure 11 (b) shows the time difference between a pair of tracks for both simulated and observed data after selecting only parallel tracks. It can be observed that the random coincidences disappear after using only the parallel tracks.
Results
The event direction is presumed as a mean direction of individual muons in an event. There is no directional clustering of events. There is also no As per abundances of elements in primary cosmic rays [12, 13] , the ratio for 2, is a large discrepancy between the observed data and simulation.
A few other experiments (KGF [14] , ALICE [15] , MACRO [16] , DELPHI [17] , ALEPH [18] , KASCADE-Grande [19] , etc.) have also studied the multi-muon tracks in cosmic events. Whereas the present setup is over the ground, except KASCADE-Grande, all other experiments were performed under the ground.
The underground experiments have observed events with large multiplicities because of the large size of the detectors and the overburden of rock and soil blocking showers with lower energy. A study based on the aforesaid experiments has also suggested a similar discrepancy between the CORSIKA simulation and observed data. KASCADE-Grande experiment also reported that the attenuation length of muons in the atmosphere from simulation is much smaller than estimation from observed data. function of different species of primary cosmic ray, variation of power law factor, but variation of those parameters within their uncertainty change the result very little. Major discrepancy in the result is due to uncertainty of hadronic interaction models which was not verified in any laboratory experiments at this high energy. Earlier measurements of muon multiplicity along with this result can be used to improve the parameters of hadronic model at high energies (> 300 GeV).
Conclusion
In the period between August 23, 2017, to September 8, 2017 , approximately 2×10 8 events of cosmic rays were acquired containing at least one reconstructed particle. The comparison of the measured track multiplicity distribution with an equivalent sample of Monte Carlo events reflects that the current physics models of interactions at the earth atmosphere used in this study are unable to reproduce the air showers at the ground.
